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(57) Provided is an aqueous emulsion including a
block copolymer (I) containing a polymer block (a) com-
posed of a structural unit derived from an aromatic vinyl
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Description

Technical Field

[0001] The present invention relates to an aqueous emulsion containing a block copolymer constituted of a polymer
block composed of a structural unit derived from an aromatic vinyl compound and a polymer block including a structural
unit derived from farnesene, a thin molded article using the same, and a method for producing a thin molded article.

Background Art

[0002] For the purpose of imparting properties, such as corrosion resistance, scratch resistance, wear resistance,
mechanical properties, weather resistance, heat resistance, hydrolysis resistance, etc., to a surface of a substrate, there
has hitherto been adopted a method of forming a coating film composed of a resin material and the like. In general, the
aforementioned coating film is produced by coating a mixed liquid obtained by dissolving a resin material in an organic
solvent on a substrate, followed by drying.
[0003] However, in this production method, there is caused such a problem that the organic solvent volatilizes at the
time of drying, thereby deteriorating the working environment, and a so-called "solvent-free" method that is an embodiment
not using an organic solvent is investigated.
[0004] Examples of a specific measure of the solvent-free method include a method of converting a resin material to
an aqueous emulsion thereof. For example, PTLs 1 and 2 describe a method of converting a resin material to an aqueous
emulsion thereof by using a surfactant or a protective colloid.

Citation List

Patent Literature

[0005]

PTL 1: JP 8-120025A
PTL 2: JP 2006-316211A

Summary of Invention

Technical Problem

[0006] According to the conventional aqueous emulsions, coating properties on a substrate, impregnation properties
in a body to be impregnated, and corrosion resistance of the resulting thin molded article were good, and mechanical
properties, such as flexibility, rubber elasticity, etc., were exhibited to some extent of performances. However, further
improvements regarding the respective properties have been desired.
[0007] A problem of the present invention is to provide an aqueous emulsion that is good in coating properties on a
substrate or impregnation properties in a body to be impregnated and capable of giving a thin molded article having
excellent corrosion resistance and mechanical properties, a thin molded article composed of the aqueous emulsion, and
a method for producing a thin molded article.

Solution to Problem

[0008] In order to solve the foregoing problem, the present inventor made extensive and intensive investigations. As
a result, it has been found that an aqueous emulsion with high stability is obtained by using a specified block copolymer
and a protective colloid in combination; and that a thin molded article composed of such an aqueous emulsion is provided
with the aforementioned respective properties at high levels, thereby leading to accomplishment of the present invention.
[0009] Specifically, the present invention has the gist of the following [1] to [4].

[1] An aqueous emulsion including a block copolymer (I) containing a polymer block (a) composed of a structural
unit derived from an aromatic vinyl compound and a polymer block (b) containing 1 to 100% by mass of a structural
unit (b1) derived from farnesene and 99 to 0% by mass of a structural unit (b2) derived from a conjugated diene
other than farnesene, with a mass ratio [(a)/(b)] of the polymer block (a) and the polymer block (b) being 5/95 to
70/30; a protective colloid (II); and water, a content of the protective colloid (II) being 3 to 35 parts by mass based
on 100 parts by mass of the block copolymer (I).
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[2] A thin molded article obtained from the aqueous emulsion as set forth above in [1].
[3] A method for producing a thin molded article including a step of coating a substrate with the aqueous emulsion
as set forth above in [1] to form a coating film; and a step of drying the coating film.
[4] A method for producing a thin molded article including a step of impregnating a body to be impregnated with the
aqueous emulsion as set forth above in [1] to obtain an impregnated body; and a step of drying the impregnated body.

Advantageous, Effects of Invention

[0010] In accordance with the present invention, it is possible to provide an aqueous emulsion that is good in coating
properties on a substrate or impregnation properties in a body to be impregnated and capable of giving a thin molded
article having excellent corrosion resistance and mechanical properties, a thin molded article composed of the aqueous
emulsion, and a method for producing a thin molded article.

Description of Embodiments

[1] Aqueous Emulsion

[0011] The aqueous emulsion of the present invention is an aqueous emulsion including a block copolymer (I) containing
a polymer block (a) composed of a structural unit derived from an aromatic vinyl compound and a polymer block (b)
containing 1 to 100% by mass of a structural unit (b1) derived from farnesene and 99 to 0% by mass of a structural unit
(b2) derived from a conjugated diene other than farnesene, with a mass ratio [(a)/(b)] of the polymer block (a) and the
polymer block (b) being 5/95 to 70/30; a protective colloid (II); and water, a content of the protective colloid (II) being 3
to 35 parts by mass based on 100 parts by mass of the block copolymer (I).

[Block Copolymer (I)]

[0012] The block copolymer (I) that is used in the present invention is a block copolymer containing a polymer block
(a) composed of a structural unit derived from an aromatic vinyl compound and a polymer block (b) containing 1 to 100%
by mass of a structural unit (b1) derived from farnesene and 99 to 0% by mass of a structural unit (b2) derived from a
conjugated diene other than farnesene, with a mass ratio [(a)/(b)] of the polymer block (a) and the polymer block (b)
being 5/95 to 70/30.
[0013] The polymer block (a) is constituted of a structural unit derived from an aromatic vinyl compound. Examples
of such an aromatic vinyl compound include styrene, α-methylstyrene, 2-methylstyrene, 3-methylstyrene, 4-methylsty-
rene, 4-propylstyrene, 4-t-butylstyrene, 4-cyclohexylstyrene, 4-dodecylstyrene, 2,4-dimethylstyrene, 2,4-diisopropylsty-
rene, 2,4,6-trimethylstyrene, 2-ethyl-4-benzylstyrene, 4-(phenylbutyl)styrene, 1-vinylnaphthalene, 2-vinylnaphthalene,
vinylanthracene, N,N-diethyl-4-aminoethylstyrene, vinylpyridine, 4-methoxystyrene, monochlorostyrene, dichlorosty-
rene, divinylbenzene, and the like. These aromatic vinyl compounds may be used alone or in combination of any two
or more thereof. Above all, styrene, α-methylstyrene, and 4-methylstyrene are more preferred, and styrene is still more
preferred.
[0014] The polymer block (b) contains 1 to 100% by mass of the structural unit (b1) derived from farnesene and
contains 99 to 0% by mass of the structural unit (b2) derived from a conjugated diene other than farnesene. When the
content of the structural unit (b1) derived from farnesene is less than 1% by mass, the coating properties or impregnation
properties of the aqueous emulsion are deteriorated, and the corrosion resistance and flexibility of the resulting thin
molded article are deteriorated. Although the structural unit (b1) may be a structural unit derived from α-farnesene or β-
farnesene represented by the following formula (I), the structural unit (b1) is preferably a structural unit derived from β-
farnesene from the viewpoint of facilitating production of the block copolymer (I). α-farnesene and β-farnesene may be
used in combination.

[0015] Examples of the conjugated diene constituting the structural unit (b2) derived from a conjugated diene other
than farnesene include butadiene, isoprene, 2,3-dimethylbutadiene, 2-phenylbutadiene, 1,3-pentadiene, 2-methyl-1,3-
pentadiene, 1,3-hexadiene, 1,3-octadiene, 1,3-cyclohexadiene, 2-methyl-1,3-octadiene, 1,3,7-octatriene, myrcene,
chloroprene, and the like. These conjugated dienes may be used alone or in combination of any two or more thereof.
Above all, isoprene, butadiene, and myrcene are more preferred, and isoprene and/or butadiene are/is still more preferred.
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[0016] Furthermore, the polymer block (b) may contain, in addition to the structural unit (b1) derived from farnesene
and the structural unit (b2) derived from a conjugated diene other than farnesene, a small amount of a structural unit
derived from other copolymerizable monomer within the range where the effects of the present invention are not hindered.
Examples of such other copolymerizable monomer include anionically polymerizable monomers, such as aromatic vinyl
compounds (e.g., styrene, α-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, 1,3-dimethylstyrene,
diphenylethylene, 1-vinylnaphthalene, 4-propylstyrene, 4-cyclohexylstyrene, 4-dodecylstyrene, 2-ethyl-4-benzylstyrene,
4-(phenylbutyl)styrene, etc.), and the like. These other copolymerizable monomers may be used alone or in combination
of any two or more thereof. In the case where the polymer block (b) has the aforementioned structural unit derived from
other copolymerizable monomer, a bonding configuration thereof may be any of a random configuration or a tapered
configuration.
[0017] In the case where the polymer block (b) contains the aforementioned structural unit derived from other copol-
ymerizable monomer, its content is preferably 35% by mass or less, more preferably 10% by mass or less, and still more
preferably 5% by mass or less.
[0018] The content of the structural unit (b1) in the polymer block (b) is preferably 30 to 100% by mass, and more
preferably 45 to 100% by mass. In the case where the polymer block (b) contains the structural unit (b2) derived from
a conjugated diene other than farnesene, the content of the structural unit (b2) is preferably 70% by mass or less, and
more preferably 55% by mass or less.
[0019] In the block copolymer (I) that is used in the present invention, from the viewpoints of corrosion resistance,
heat resistance, and weather resistance of the thin molded article obtained from the aqueous emulsion, a part or the
whole of carbon-carbon double bonds in the polymer block (b) may be hydrogenated. On that occasion, a hydrogenation
rate of the polymer block (b) is preferably 70 mol% or more, more preferably 80 mol% or more, still more preferably 85
mol% or more, yet still more preferably 90 mol% or more, even yet still more preferably 91 mol% or more, and especially
preferably 92 mol% or more.
[0020] In the case where the block copolymer (I) that is used in the present invention contains a polymer block (c) as
described later, from the viewpoints of corrosion resistance, heat resistance, and weather resistance of the thin molded
article obtained from the aqueous emulsion, a part or the whole of carbon-carbon double bonds in the polymer block (b)
and the polymer block (c) may be hydrogenated. On that occasion, a hydrogenation rate of the polymer block (b) and
the polymer block (c) is preferably 70 mol% or more, more preferably 80 mol% or more, still more preferably 85 mol%
or more, yet still more preferably 90 mol% or more, even yet still more preferably 91 mol% or more, and especially
preferably 92 mol% or more.
[0021] The hydrogenation rate of the unsaturated double bonds in the polymer block (b), or the polymer block (b) and
the polymer block (c), can be determined from a measured value obtained by measuring the content of the unsaturated
double bonds in the polymer block (b), or the polymer block (b) and the polymer block (c), before and after hydrogenation
by means of nuclear magnetic resonance (1H-NMR).
[0022] A bonding configuration of each of the polymer block (a) and the polymer block (b) is not particularly limited,
and may be any of a linear configuration, a branched configuration, a radial configuration, or a combination of any two
or more of these configurations. Above all, a configuration in which the respective blocks are bonded in a linear config-
uration is preferred. When the polymer block (a) and the polymer block (b) are represented by a and b, respectively, a
bonding configuration represented by (a-b)1, a-(b-a)m, or b-(a-b)n is preferred. Each of 1, m, and n independently
represents an integer of 1 or more.
[0023] Above all, the block copolymer (I) is preferably a block copolymer containing two or more of the polymer block
(a) and one or more of the polymer block (b). From the viewpoints of coating properties or impregnation properties of
the aqueous emulsion and corrosion resistance and flexibility of the resulting thin molded article, the block copolymer
(I) is more preferably a triblock copolymer or a pentablock copolymer, and still more preferably a triblock copolymer
represented by a-b-a.
[0024] In the case where the block copolymer (I) has two or more of the polymer blocks (a) or two or more of the
polymer blocks (b), each of the polymer blocks may be either a polymer block composed of the same structural unit or
a polymer block composed of different kinds of structural units. For example, in the two polymer blocks (a) in the triblock
copolymer represented by [a-b-a], the respective aromatic vinyl compounds may be constituted of either the same kind
of compound or different kinds of compounds.
[0025] A mass ratio of the polymer block (a) and the polymer block (b) [(a)/(b)] in the block copolymer (I) is 5/95 to
70/30. When the mass ratio falls outside the foregoing range, the coating properties or impregnation properties of the
aqueous emulsion are deteriorated, and the corrosion resistance and flexibility of the resulting thin molded article are
deteriorated. From those viewpoints, the mass ratio of the polymer block (a) and the polymer block (b) [(a)/(b)] is preferably
10/90 to 60/40, more preferably 10/90 to 55/45, still more preferably 10/90 to 40/60, yet still more preferably 15/85 to
40/60, even yet still more preferably 18/82 to 40/60, and especially preferably 18/82 to 35/65.
[0026] The block copolymer (I) may contain, in addition to the polymer block (a) and the polymer block (b) as described
above, a polymer block (c) constituted of other monomer than the monomer constituting the aforementioned polymer
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block (a) and the aforementioned farnesene, so long as the gist of the present invention is not hindered.
[0027] Examples of such other monomer include unsaturated hydrocarbon compounds, such as propylene, 1-butene,
1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene,
1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, etc.; functional group-con-
taining unsaturated compounds, such as acrylic acid, methacrylic acid, methyl acrylate, methyl methacrylate, acrylonitrile,
methacrylonitrile, maleic acid, fumaric acid, crotonic acid, itaconic acid, 2-acryloylethanesulfonic acid, 2-methacry-
loylethanesulfonic acid, 2-acrylamide-2-methylpropanesulfonic acid, 2-methacrylamide-2-methylpropanesulfonic acid,
vinylsulfonic acid, vinyl acetate, methyl vinyl ether, etc.; and the like. The polymer block (c) may contain a structural unit
(b2) derived from a conjugated diene other than the aforementioned farnesene, and the polymer block (c) may be
composed of only a structural unit (b2) derived from a conjugated diene other than the aforementioned farnesene. These
monomers may be used alone or in combination of any two or more thereof.
[0028] In the case where the block copolymer (I) contains the polymer block (c), when the polymer block (c) is repre-
sented by c, examples of the bonding configuration include bonding configurations, such as a tetrablock copolymer
represented by a-b-a-c or b-a-b-c, a pentablock copolymer represented by b-a-c-a-b, etc.
[0029] In the case where the block copolymer (I) has the polymer block (c), its content is preferably 50% by mass or
less, more preferably 40% by mass or less, still more preferably 30% by mass or less, and most preferably 10% by mass
or less.
[0030] From the viewpoints of coating properties or impregnation properties of the aqueous emulsion and corrosion
resistance and flexibility of the resulting thin molded article, a peak top molecular weight (Mp) of the block copolymer (I)
is preferably 4,000 to 500,000, more preferably 9,000 to 400,000, still more preferably 50,000 to 350,000, yet still more
preferably 70,000 to 350,000, even yet still more preferably 100,000 to 350,000, and especially preferably 130,000 to
350,000.
[0031] The peak top molecular weight (Mp) in the present specification refers to a peak top molecular weight (Mp)
determined by means of gel permeation chromatography in terms of polystyrene as a reference standard substance
and means a value measured by the method described in the Examples as described later.
[0032] A molecular weight distribution (Mw/Mn) of the block copolymer (I) is preferably 1 to 4, more preferably 1 to 3,
and still more preferably 1 to 2. So long as the molecular weight distribution falls within the foregoing range, a scattering
in a viscosity of the block copolymer (I) is small, and the handling is easy.

<Production Method of Block Copolymer (I)>

[0033] The block copolymer (I) may be produced by a solution polymerization method or methods described in JP
2012-502135A and JP 2012-502136A, or the like. Above all, the solution polymerization method is preferred, and known
methods, for example, ionic polymerization methods, such as anionic polymerization, cationic polymerization, etc., a
radical polymerization method, and the like are applicable. Above all, an anionic polymerization method is preferred.
[0034] As for the anionic polymerization method, the aromatic vinyl compound and farnesene and/or the conjugated
diene other than farnesene, and optionally the other monomer for constituting the polymer (c) are successively added
in the presence of a solvent and an anionic polymerization initiator, and optionally a Lewis base.
[0035] Examples of the anionic polymerization initiator include alkali metals, such as lithium, sodium, potassium, etc.;
alkaline earth metals, such as beryllium, magnesium, calcium, strontium, barium, etc.; lanthanoid-based rare earth
metals, such as lanthanum, neodymium, etc.; compounds containing the aforementioned alkali metal, alkaline earth
metal, or lanthanoid-based rare earth metal; and the like. Above all, alkali metals and compounds containing an alkali
metal are preferred, and organic alkali metal compounds are more preferred.
[0036] Examples of the aforementioned organic alkali metal compound include organic lithium compounds, such as
methyllithium, ethyllithium, n-butyllithium, sec-butyllithium, t-butyllithium, hexyllithium, phenyllithium, stilbenelithium, di-
lithiomethane, dilithionaphthalene, 1,4-dilithiobutane, 1,4-dilithio-2-ethylcyclohexane, 1,3,5-trilithiobenzene, etc.; sodium
naphthalene; potassium naphthalene; and the like. Above all, organic lithium compounds are preferred, n-butyllithium
and sec-butyllithium are more preferred, and sec-butyllithium is especially preferred. The organic alkali metal compound
may be allowed to react with a secondary amine, such as diisopropylamine, dibutylamine, dihexylamine, dibenzylamine,
etc., and used as an organic alkali metal amide.
[0037] Although an amount of the organic alkali metal compound that is used for the polymerization varies depending
upon a molecular weight of the block copolymer (I), it is typically in the range of from 0.01 to 3% by mass on the basis
of a total amount of the aromatic vinyl compound, the farnesene, and the conjugated diene other than farnesene.
[0038] The solvent is not particularly limited so long as it does not adversely affect the anionic polymerization reaction,
and examples thereof include saturated aliphatic hydrocarbons, such as n-pentane, isopentane, n-hexane, n-heptane,
isooctane, etc.; saturated alicyclic hydrocarbons, such as cyclopentane, cyclohexane, methylcyclopentane, etc.; aromatic
hydrocarbons, such as benzene, toluene, xylene, etc.; and the like. These solvents may be used alone or in combination
of any two or more thereof.
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[0039] The Lewis base acts for controlling a microstructure of each of the structural unit derived from farnesene and
the structural unit derived from a conjugated diene other than farnesene. Examples of such a Lewis base include ether
compounds, such as dibutyl ether, diethyl ether, tetrahydrofuran (THF), dioxane, ethylene glycol diethyl ether, etc.;
pyridine; tertiary amines, such as N,N,N’,N’-tetramethylethylenediamine (TMEDA), trimethylamine, etc.; alkali metal
alkoxides, such as potassium t-butoxide, etc.; phosphine compounds; and the like. In the case of using the Lewis base,
it is preferred that its amount is typically in the range of from 1 to 1,000 mol equivalent on the basis of 1 mol of the anionic
polymerization initiator.
[0040] A temperature of the polymerization reaction is in the range of typically from -80 to 150°C, preferably from 0 to
100°C, and more preferably from 10 to 90°C. The mode of the polymerization reaction may be either a batchwise mode
or a continuous mode. The aromatic vinyl compound and the farnesene and/or the conjugated diene other than farnesene
are supplied into the polymerization reaction solution in a continuous or intermittent manner such that the abundance
ratio of each of the monomers falls within a specified range, or the respective monomers are successively polymerized
such that each of the monomers in the polymerization reaction system becomes a specified ratio to thereby produce
the block copolymer (I).
[0041] The polymerization reaction may be stopped by adding an alcohol, such as methanol, isopropanol, etc., as a
polymerization terminator. The resulting polymerization reaction solution may be poured into a poor solvent, such as
methanol, etc., to precipitate the block copolymer (I). Alternatively, when the polymerization reaction solution is rinsed
with water, separated, and then dried, the block copolymer (I) may be isolated.
[0042] In the present polymerization step, the block copolymer (I) in an unmodified form may be obtained as described
above; however, by introducing a functional group into the aforementioned block copolymer (I) prior to a hydrogenation
step as described later, the block copolymer (I) in a modified form may be obtained. Examples of a functional group that
may be introduced include an amino group, an alkoxysilyl group, a hydroxyl group, an epoxy group, a carboxyl group,
a carbonyl group, a mercapto group, an isocyanate group, an acid anhydride group, and the like.
[0043] Examples of the method of modifying the block copolymer (I) include a method in which before adding the
polymerization terminator, a modifier capable of reacting with a polymerization-active terminal, such as tin tetrachloride,
tetrachlorosilane, dimethyldichlorosilane, dimethyldiethoxysilane, tetramethoxysilane, tetraethoxysilane, 3-aminopropyl-
triethoxysilane, tetraglycidyl-1,3-bisaminomethylcyclohexane, 2,4-tolylene diisocyanate, 4,4’-bis(diethylamino)benzo-
phenone, N-vinylpyrrolidone, etc., or other modifier as described in JP 2011-132298A, is added. The isolated copolymer
may be grafted with maleic anhydride or the like and used.
[0044] The site into which the functional group is introduced may be either a polymerization terminal or a side chain
of the block copolymer (I). The functional group may be used alone or in combination of any two or more thereof. It is
preferred that the modifier is added in an amount in the range of typically from 0.01 to 10 mol equivalent on the basis
of the anionic polymerization initiator.
[0045] Although the block copolymer (I) or the modified block copolymer (I), which is obtained by the aforementioned
method, may be used as the block copolymer (I) as it is, a hydrogenated block copolymer obtained by subjecting the
block copolymer (I) to a hydrogenation step may also be used as the block copolymer (I). As the hydrogenation method,
known methods may be adopted. For example, a solution prepared by dissolving the block copolymer (I) in a solvent
that does not affect the hydrogenation reaction is subjected to a hydrogenation reaction in the presence of, as a hydro-
genation catalyst, a Ziegler-based catalysts; a metal catalyst obtained by supporting nickel, platinum, palladium, ruthe-
nium, or rhodium, on carbon, silica, diatomaceous earth, or the like; or an organic metal complex having a cobalt, nickel,
palladium, rhodium, or ruthenium metal. Above all, palladium carbon having palladium supported on carbon is preferably
used as the hydrogenation catalyst.
[0046] In the hydrogenation reaction, a hydrogen pressure is preferably0.1 to 20 MPa, a reaction temperature is
preferably 100 to 200°C, and a reaction time is preferably 1 to 20 hours.

[Protective Colloid (II)]

[0047] In the present invention, for the purpose of making the block copolymer (I) that is a hydrophobic colloid stable
against an electrolyte, a protective colloid (II) is used. In the present invention, the protective colloid (II) refers to a
hydrophilic colloid capable of making the block copolymer (I) that is a hydrophobic colloid stable against an electrolyte.
[0048] As for a reason why the protective colloid (II) is able to make the block copolymer (I) that is a hydrophobic
colloid stable, it may be considered that the protective colloid (II) that is a hydrophilic colloid covers the block copolymer
(I) that is a hydrophobic colloid, thereby exhibiting properties of a hydrophilic colloid as a whole.
[0049] Examples of the protective colloid (II) include polyvinyl alcohol, modified polyvinyl alcohol; water-soluble cel-
lulose derivatives, such as methyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, etc.; water-
soluble salts of (meth)acrylic ester-unsaturated carboxylic acid copolymers; styrene-maleic anhydride copolymer salts,
maleinized polybutadiene salts, naphthalenesulfonate salts, polyacrylate salts, and the like. These protective colloids
(II) may be used alone or in combination of any two or more thereof.
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[0050] Of those, as the protective colloid (II), polyvinyl alcohol or water-soluble salts of (meth)acrylic ester-unsaturated
carboxylic acid copolymers are preferred, and water-soluble salts of (meth)acrylic ester-unsaturated carboxylic acid
copolymers are more preferred.
[0051] Examples of the (meth)acrylic ester that constitutes the aforementioned (meth)acrylic ester-unsaturated car-
boxylic acid copolymer include acrylic esters, such as methyl acrylate, ethyl acrylate, butyl acrylate, etc.; and methacrylic
esters, such as methyl methacrylate, ethyl methacrylate, butyl methacrylate, etc.
[0052] Meanwhile, examples of the unsaturated carboxylic acid that constitutes the aforementioned (meth)acrylic
ester-unsaturated carboxylic acid copolymer include acrylic acid, methacrylic acid, monomethylitaconic acid, and the
like. In addition to these monomers, styrene or the like may be further copolymerized.
[0053] Specific examples of the water-soluble salt of (meth)acrylic ester-unsaturated carboxylic acid copolymer include
water-soluble salts of acrylic ester-unsaturated carboxylic acid copolymers, water-soluble salts of methacrylic ester-
unsaturated carboxylic acid copolymers, water-soluble salts of styrene-acrylic ester-unsaturated carboxylic acid copol-
ymers, and water-soluble salts of styrene-methacrylic ester-unsaturated carboxylic acid copolymers.
[0054] Specific examples of the aforementioned water-soluble salt include monovalent metal salts, such as a sodium
salt, a potassium salt, etc., amine salts, such as monoethanolamine, diethanolamine, triethanolamine, etc., and ammo-
nium salts. Of those, ammonium salts are preferred.
[0055] These water-soluble salts may be used alone or in combination of any two or more thereof.
[0056] A weight average molecular weight of the aforementioned water-soluble salt of (meth)acrylic ester-unsaturated
carboxylic acid copolymer is preferably 3,000 to 50,000, more preferably 3,000 to 25,000, still more preferably 3,000 to
10,000, and yet still more preferably 4,000 to 6,000.
[0057] From the viewpoints of coating properties or impregnation properties of the aqueous emulsion and corrosion
resistance of the resulting thin molded article, the polyvinyl alcohol that is used as the protective colloid (II) is preferably
one having a degree of polymerization of 300 to 2,600 and a degree of hydrolysis of 70 to 92 mol% (the weight average
molecular weight is in the range of from 1,500 to 130,000). The polyvinyl alcohol is more preferably one having a degree
of polymerization of 300 to 1,500 and a degree of hydrolysis of 78 to 92 mol%. The polyvinyl alcohol is also preferably
one modified with a carboxyl group, a sulfonate group, an acetoacetyl group, or a cationic group.
[0058] A content of the protective colloid (II) is 3 to 35 parts by mass, preferably 3 to 32 parts by mass, more preferably
3 to 30 parts by mass, still more preferably 10 to 28 parts by mass, and yet still more preferably 13 to 25 parts by mass
based on 100 parts by mass of the block copolymer (I). When the compounding proportion of the protective colloid (II)
is less than 3 parts by mass, emulsification failure is caused, so that an emulsion is not obtained, whereas when it is
more than 35 parts by mass, the coating film is poor in corrosion resistance, and hence, the both are not preferred.

[Softening Agent (III)]

[0059] From the viewpoint of adjusting the flexibility of the block copolymer (I), the aqueous emulsion of the present
invention may contain a softening agent (III), if desired.
[0060] As the softening agent (III), conventionally known non-aromatic softening agents for rubbers may be used, and
above all, non-aromatic mineral oil-based softening agents for rubbers, or liquid or low-molecular weight synthetic sof-
tening agents are preferred. The non-aromatic softening agents for rubbers may be used alone or in combination of any
two or more thereof.
[0061] Examples of the non-aromatic softening agent for rubbers may include paraffin-based process oils, hydrogen-
ated paraffin-based process oils, naphthene-based process oils, liquid paraffins; vegetable oil-based softening agents,
such as peanut oil, rosin, etc.; synthetic softening agents, such as an ethylene-α-olefin oligomer, low-molecular weight
polyisobutylene, liquid polybutene, liquid polybutadiene, liquid polyisoprene, etc.; and the like. Above all, low-molecular
weight polyisobutylene, paraffin-based process oils, hydrogenated paraffin-based process oils, and naphthene-based
process oils are preferred.
[0062] From the viewpoint of adjusting the flexibility of the block copolymer (I), a kinetic viscosity at 40°C of the non-
aromatic softening agent for rubbers is preferably 20 to 800 mm2/s, more preferably 30 to 500 mm2/s, and still more
preferably 30 to 400 mm2/s.
[0063] In the case of containing the softening agent (III), its content is preferably 0.5 to 150 parts by mass, more
preferably 1 to 140 parts by mass, still more preferably 5 to 130 parts by mass, yet still more preferably 10 to 125 parts
by mass, and even yet still more preferably 20 to 125 parts by mass based on 100 parts by mass of the block copolymer
(I). When the content of the softening agent (III) falls within the foregoing range, not only the mechanical properties of
the resulting thin molded article are improved, but also bleedout of the softening agent (III) from the thin molded article
is hardly caused.
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[Additives]

[0064] To the aqueous emulsion of the present invention, various additives may be further added depending upon an
application within the range where the effects of the present invention are not hindered.
[0065] Examples of the additive include an anionic surfactant, a cationic surfactant, a nonionic surfactant, a filler, a
modifier, a pigment, and the like. However, when the surfactant is put too much in the aqueous emulsion, the resistance
of the thin molded article is hindered, and therefore, it is necessary to restrain the addition amount thereof to a minimum
requirement.

[Preparation Method of Aqueous Emulsion]

[0066] The aqueous emulsion can be, for example, prepared by the following method.
[0067] The block copolymer (I) and the protective colloid (II), and optionally the softening agent (III), the additive(s),
and the like are dissolved in an organic solvent, such as toluene, xylene, cyclohexane, etc., water is subsequently added,
and the contents are charged into a stirring machine, such as a homomixer, etc., and stirred at room temperature to
85°C, thereby obtaining a dispersion liquid. Subsequently, the organic solvent is distilled off under reduced pressure at
an elevated temperature, whereby the aqueous emulsion can be obtained. The addition amount of water is not particularly
limited because the aqueous emulsion may be diluted, and the water has only to be added within the range where the
aqueous emulsion in a desired solid content concentration is obtained.
[0068] The aqueous emulsion can also be obtained by adding the block copolymer (I), the protective colloid (II), and
water, and optionally the softening agent (III) and the additive(s) in an autoclave type stirring machine without using an
organic solvent, followed by stirring at a temperature of 100°C to 200°C.
[0069] It is also possible to further atomize the resulting aqueous emulsion by a high-pressure homogenizer, if desired.
The emulsification method is not limited to the emulsification method as exemplified herein, but a chemical emulsification
method, such as an inversion emulsification method, a phase inversion temperature emulsification method, a D-phase
emulsification method, a gel emulsification method, etc., may also be adopted.
[0070] A content of the block copolymer (I) in the aqueous emulsion may be arbitrarily chosen taking into consideration
a thickness of the thin molded article that is formed using the aqueous emulsion, a time required for the drying step, and
the like, but it is preferably 60% by mass or less from the viewpoint of stability of the aqueous emulsion.

[2] Thin Molded article and Production Method of Thin Molded article

[0071] The thin molded article of the present invention is one obtained from the aqueous emulsion of the present
invention, and specifically, it is one including a dispersoid in the aqueous emulsion, which is obtained by drying the
aqueous emulsion of the present invention to remove water. The aforementioned "dispersoid" refers to components
other than a dispersion medium in the aqueous emulsion of the present invention.
[0072] Although the thin molded article of the present invention may be produced by a known method using the aqueous
emulsion of the present invention, it is preferably produced by a production method including a step of coating a substrate
with the aqueous emulsion to form a coating film; and a step of drying the coating film.
[0073] Examples of the step of coating a substrate with the aqueous emulsion to form a coating film include a dip
molding method of dipping a substrate with the aqueous emulsion; a method of spraying a substrate with the aqueous
emulsion; a method of brushing a substrate with the aqueous emulsion; and the like.
[0074] The thin molded article of the present invention may also be produced by a production method including a step
of impregnating a body to be impregnated with the aqueous emulsion to obtain an impregnated body; and a step of
drying the impregnated body.
[0075] Examples of the step of impregnating a body to be impregnated with the aqueous emulsion to obtain an
impregnated body include a method of impregnating a body to be impregnated, which is composed of fibers, such as a
fabric, a nonwoven fabric, or the like, with the aqueous emulsion to obtain an impregnated body.
[0076] The substrate and the body to be impregnated as described above are not particularly limited, and examples
thereof include thermoplastic resins, various metals, various glasses, various leathers, various papers, various nonwoven
fabrics, various textiles, various foamed bodies, various timbers, and the like. Above all, thermoplastic resins, various
leathers, and various nonwoven fabrics are preferably used.
[0077] Although the step of drying the coating film or impregnated body as formed in the aforementioned step varies
depending upon a thickness of the coating film or a size of the impregnated body, it can be achieved by performing
drying at a temperature ranging preferably from 25 to 150°C and more preferably from 60 to 150°C, for preferably 1 to
48 hours and more preferably 1 to 36 hours.
[0078] In the present invention, the drying of the coating film may also be performed under reduced pressure. A degree
of pressure reduction is preferably 0.4 to 6.7 kPa, and more preferably 0.5 to 5.3 kPa.
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[0079] A thickness of the thin molded article of the present invention varies depending upon an application and is not
particularly limited; however, it is preferably 30 to 1,000 mm, more preferably 30 to 500 mm, and still more preferably 50
to 300 mm.
[0080] A type A hardness of the thin molded article of the present invention is preferably 1 or more, more preferably
2 or more, and still more preferably 3 or more from the viewpoint of strength. Although an upper limit of the hardness is
not particularly limited, it is preferably 60 or less, more preferably 55 or less, still more preferably 40 or less, and yet still
more preferably 30 or less from the viewpoint of flexibility. The hardness of the thin molded article may be measured by
the method described in the Examples.
[0081] The thin molded article of the present invention may be used alone or may be laminated and used. A shape of
the thin molded article of the present invention is not particularly limited, and the thin molded article may be formed in
a shape, such as a film, a sheet, a pair of gloves, a condom, a finger sac, a catheter, automotive members, e.g., a door
rim, a sheet, etc., various cushions, e.g., falsies of brassiere, etc., an expansion and contraction member of diaper, an
expansion and contraction part of poultice, etc., depending upon a desired application.

Examples

[0082] The present invention is hereunder described by reference to Examples, but it should not be construed that
the present invention is limited to these Examples. β-farnesene (purity: 97.6% by mass, manufactured by Amyris, Inc.)
was purified with a molecular sieve of 3 angstrom and distilled under a nitrogen atmosphere to remove hydrocarbon-
based impurities, such as zingiberene, bisabolene, farnesene epoxide, farnesol isomer, E,E-farnesol, squalene, ergos-
terol, several kinds of isomers of farnesene, etc., and then used for the following polymerization.
[0083] Each of the components used in the Examples and Comparative Examples is as follows.

<Block Copolymer (I)>

[0084] Block copolymers (I-1) to (I-9) of Production Examples 1 to 9 as described later.

<Block Copolymer (I’)>

[0085] Block copolymers (I’-1) to (I’-5) of Production Examples 10 to 14 as described later.

<Protective Colloid (II)>

[0086] Protective colloid (II-1): An ammonium salt of an acrylic ester-unsaturated carboxylic acid copolymer (acrylic
acid/methacrylic acid/methyl methacrylate/butyl acrylate/butyl methacrylate = 8/8/11/11/11 (mass ratio), weight average
molecular weight: 5,000)
[0087] Protective colloid (II-2): Polyvinyl alcohol (trade name: "POVAL 405", manufactured by Kuraray Co., Ltd., degree
of polymerization: 500, degree of hydrolysis: 81.5%)

<Softening Agent (III)>

[0088] Paraffin-based process oil ("DIANA PROCESS OIL PW-90", manufactured by Idemitsu Kosan Co., Ltd., kinetic
viscosity at 40°C: 95 mm2/s (40°C))

<Surfactant>

Dodecylbenzenesulfonate (trade name: "NEOPELEX", manufactured by Kao Corporation)

[0089] Details of each of the measurement methods in the Production Examples are as follows.

(1) Measurement Method of Molecular Weight Distribution, Peak Top Molecular Weight (Mp), and the Like

[0090] A peak top molecular weight (Mp) and a molecular weight distribution (Mw/Mn) of a hydrogenated block copol-
ymer were determined by means of GPC (gel permeation chromatography) in terms of a molecular weight of polystyrene
as a reference standard substance. The peak top molecular weight (Mp) was determined from a position of a peak top
of the molecular weight distribution. Measuring devices and conditions are as follows.

• Device: GPC device "GPC8020", manufactured by Tosoh Corporation



EP 3 103 828 A1

10

5

10

15

20

25

30

35

40

45

50

55

• Separation column: "TSKgel G4000HXL", manufactured by Tosoh Corporation
• Detector: "RI-8020", manufactured by Tosoh Corporation
• Solvent: Tetrahydrofuran
• Solvent flow rate: 1.0 mL/min
• Sample concentration: 5 mg/10 mL
• Column temperature: 40°C

(2) Measurement Method of Hydrogenation Rate

[0091] In each of the Production Examples, a block copolymer before hydrogenation and a block copolymer after
hydrogenation (hydrogenated block copolymer) were respectively dissolved in a deuterated chloroform solvent, and
each of the resulting solutions was subjected to 1H-NMR measurement at 50°C using "Lambda-500", manufactured by
JOEL Ltd. A hydrogenation rate of the polymer block (b) in the block copolymer (I) was calculated from the peak of
protons contained in carbon-carbon double bonds appearing at 4.5 to 6.0 ppm in the resulting spectrum, according to
the following formula. 

<Block Copolymer (I)>

[Production Example 1]

[0092] A pressure reaction vessel having been purged with nitrogen and dried was charged with 50.0 kg of cyclohexane
as a solvent and 36.9 g of sec-butyllithium (10.5% by mass cyclohexane solution) (3.87 g of sec-butyllithium) as an
anionic polymerization initiator. After raising the temperature to 50°C, 1.87 kg of styrene (1) was added, and the contents
were polymerized for one hour. Subsequently, 8.75 kg of β-farnesene was added, and the contents were polymerized
for two hours. Furthermore, 1.87 kg of styrene (2) was added, and the contents were polymerized for one hour, thereby
obtaining a reaction solution containing a polystyrene-poly(β-farnesene)-polystyrene triblock copolymer. To this reaction
solution, palladium carbon (amount of palladium supported: 5% by mass) was added as a hydrogenation catalyst in an
amount of 5% by mass on the basis of the aforementioned block copolymer, and the contents were allowed to react
under conditions at a hydrogen pressure of 2 MPa and 150°C for 10 hours. After allowing the reaction mixture to stand
for cooling and releasing the pressure, the palladium carbon was removed by means of filtration, and the filtrate was
concentrated and further dried in vacuo, thereby obtaining a hydrogenated product of the polystyrene-poly(β-far-
nesene)-polystyrene triblock copolymer (hereinafter also referred to as "block copolymer (I-1)"). The block copolymer
(I-1) was subjected to the aforementioned evaluations. The results are shown in Table 1.

[Production Examples 2 to 7]

[0093] Block copolymers (I-2) to (I-7) were produced in the same procedures as those in Production Example 1, except
for following the formulations as shown in Table 1, respectively. The resulting block copolymers (I-2) to (I-7) were
subjected to the aforementioned evaluations. The results are shown in Table 1.

[Production Example 8]

[0094] A block copolymer (I-8) was produced in the same procedures as those in Production Example 1, except for
following the formulation as shown in Table 1 and performing the hydrogenation reaction under conditions at a hydrogen
pressure of 2 MPa and at 150°C for 4 hours. The resulting block copolymer (I-8) was subjected to the aforementioned
evaluations. The results are shown in Table 1.

[Production Example 9]

[0095] A pressure reaction vessel having been purged with nitrogen and dried was charged with 50.0 kg of cyclohexane
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as a solvent, 190.5 g of sec-butyllithium (10.5% by mass cyclohexane solution) as an anionic polymerization initiator,
and 400 g of tetrahydrofuran as a Lewis base. After raising the temperature to 50°C, 6.34 kg of β-farnesene was added,
and the contents were polymerized for 2 hours. Subsequently, 2.50 kg of the styrene (1) was added, and the contents
were polymerized for one hour. 3.66 kg of butadiene was further added, and the contents were polymerized for one
hour. Subsequently, 20 g of dichlorodimethylsilane as a coupling agent was added to this polymerization reaction solution,
and the contents were allowed to react for one hour, thereby obtaining a reaction solution containing a poly(β3-far-
nesene)-polystyrene-polybutadiene-polystyrene-poly(β-farnesene)pentab lock copolymer. To this reaction solution, pal-
ladium carbon (amount of palladium supported: 5% by mass) as a hydrogenation catalyst was added in an amount of
5% by mass on the basis of the aforementioned block copolymer, and the contents were allowed to react under conditions
at a hydrogen pressure of 2 MPa and 150°C for 10 hours. After allowing the reaction mixture to stand for cooling and
releasing the pressure, the palladium carbon was removed by means of filtration, and the filtrate was concentrated and
further dried in vacuo, thereby obtaining a hydrogenated product of the poly(β-farnesene)-polystyrene-polybutadiene-
polystyrene-poly(β-farnesene)pentab lock copolymer (hereinafter referred to as "block copolymer (I-9)"). The block co-
polymer (I-9) was subjected to the aforementioned evaluations. The results are shown in Table 1.

<Block Copolymer (I’)>

[Production Examples 10, 11, 13, and 14]

[0096] Block copolymers (I’-1), (I’-2), (I’-4), and (I’-5) were produced in the same procedures as those in Production
Example 1, except for following the formulations as shown in Table 2, respectively. Each of the resulting block copolymers
was subjected to the aforementioned evaluations. The results are shown in Table 2.

[Production Example 12]

[0097] A block copolymer (I’-3) was produced in the same procedures as those in Production Example 1, except for
mixing 50.0 kg of cyclohexane as a solvent with 72 g of tetrahydrofuran as a Lewis base and following the formulation
as shown in Table 2. The resulting block copolymer (I’-3) was subjected to the aforementioned evaluations. The results
are shown in Table 2.
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[Examples 1 to 12 and Comparative Examples 1 to 9]

[0098] 200 g of a toluene solution in a concentration of 30% by mass containing respective components of each of
the block copolymers obtained in Production Examples 1 to 14, a protective colloid, a softening agent, and a surfactant
in a compounding ratio as shown in each of Tables 3 and 4 was prepared. Subsequently, 400 g of distilled water was
added, and the contents were charged in a stirring tank equipped with a homomixer and stirred at 10,000 rpm for 10
minutes. Thereafter, the contents were transferred into a pressure type homogenizer and further subjected to emulsifi-
cation. Subsequently, the toluene and distilled water were distilled off by a rotary evaporator under conditions at 0.8 kPa
and at 60°C, thereby obtaining an aqueous emulsion containing distilled water in a compounding ratio as shown in each
of Tables 3 and 4 (solid content concentration: 40% by mass).
[0099] A glass plate as a substrate was dipped with the resulting aqueous emulsion to form a coating film having a
thickness of 2.4 mm on a surface of the glass plate, followed by a vacuum-dry heat treatment at 120°C and at 0.67 kPa
for 24 hours. Subsequently, the resultant was cooled and cut into a size of 10 cm in length and 10 cm in width by using
a cutter knife, and the resulting film was then peeled away from the glass plate to obtain a thin molded article having a
thickness of 100 mm. In the present production process, the coating properties of the aqueous emulsion and the corrosion
resistance were evaluated in the following manners.

Table 2

Production Example

10 11 12 13 14

Block copolymer I’-1 I’-2 I’-3 I’-4 I’-5

Use amount [kg]

Cyclohexane 50.0 50.0 50.0 50.0 50.0

sec-Butyllithium (10.5% by mass 
cyclohexane solution)

0.0169 0.2512 0.1633 0.1394 0.0310

Styrene (1) 2.22 3.21 1.87 1.87 1.32

Styrene (2) 2.22 3.21 1.87 1.87 1.32

β-Farnesene 1.11

Isoprene 15.00 4.88 3.44

Butadiene 8.75 3.87 2.73

Tetrahydrofuran 0.072

(a)/(b) [mass ratio] (*1) 80/20 30/70 30/70 30/70 30/70

(b1)/(b) [% by mass] (*2) 100 0 0 0 0

Polymer skeleton (*3) St-F-St St-lp-St St-Bd-St St-(lp/Bd)-St St-(lp/Bd)-St

Physical properties

Peak top molecular weight (Mp) of 
styrene block

80,000 7,800 7,000 8,200 26,000

Peak top molecular weight (Mp) of 
hydrogenated block copolymer

203,136 71,200 76,900 82,500 262,000

Molecular weight distribution (Mw/Mn) 1.26 1.03 1.13 1.06 1.06

Hydrogenation rate (%) (*4) 95.6 99.1 99.0 97.8 97.8

(*1) (a)/(b) represents a mass ratio of the polymer block (a) to the polymer block (b).
(*2) (b1)/(b) represents a content of the structural unit (b1) derived from farnesene in the polymer block (b).
(*3) St-F-St represents a polystyrene-poly(β-farnesene)-polystyrene triblock copolymer. St-(lp/Bd)-St represents a
polystyrene-poly(isoprene/butadiene))-polystyrene triblock copolymer. St-Bd-St represents a polystyrene-polybuta-
diene-polystyrene triblock copolymer. St-lp-St represents a polystyrene-polyisoprene-polystyrene triblock copolymer.
(*4) The hydrogenation rate represents a hydrogenation rate of carbon-carbon double bonds in the polymer block (b).
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[0100] As for the measurement of hardness and the measurement of permanent set, a coating film was formed in the
same method as described above, a drying step was repeated 7 to 10 times, and finally, a vacuum-dry heat treatment
was performed at 120°C and at 0.67 kPa for 24 hours to prepare a thin molded article having a thickness of 1 mm. The
resulting thin molded article was used for the evaluations.

(1) Evaluation Method of Coating Properties of Aqueous Emulsion

[0101] As for the coating properties of the aqueous emulsion prepared in each of the Examples and Comparative
Examples, bodies to be coated of two kinds of glass and stainless steel were used and evaluated according to the
following criteria. The results are shown in Tables 3 and 4.

(Evaluation Criteria)

[0102]

1: Dispersibility was good, and coating was possible.
2: Although dispersibility was poor, coating was possible.
3: Dispersibility was poor, and coating was impossible.

(2) Evaluation Methods of Corrosion Resistance

(i) Water Resistance Test

[0103] The thin molded article before peeling away from the glass plate was dipped in distilled water at 25°C for 3
days, and then visually inspected for change in state, thereby performing the evaluation according to the following criteria.
The results are shown in Tables 3 and 4.

(ii) Acid Resistance Test

[0104] The test was performed in the same manner as in the aforementioned water resistance test, expect for changing
the distilled water to a 30% by mass sulfuric acid aqueous solution, thereby performing the evaluation. The results are
shown in Tables 3 and 4.

(iii) Alkali Resistance Test

[0105] The test was performed in the same manner as in the aforementioned water resistance test, expect for changing
the distilled water to a 30% by mass potassium hydroxide aqueous solution, thereby performing the evaluation. The
results are shown in Tables 3 and 4.

(Evaluation Criteria)

[0106]

1: The appearance of the thin molded article was identical with the state before dipping.
2: The thin molded article partially caused blushing.
3: The whole of the thin molded article caused blushing.
4: The thin molded article was dissolved.

(3) Measurement Method of Hardness

[0107] Six sheets of molded bodies each having a thickness of 1 mm as obtained in each of the Examples and
Comparative Examples were superimposed and measured using an indenter of a type A durometer in conformity with
JIS K6253. It is meant that the lower the numerical value, the more excellent the flexibility is.

(4) Measurement Method of Permanent set

[0108] A test piece of a dumbbell No. 1 type was punched out and prepared from the molded article having a thickness
of 1 mm as obtained in each of the Examples and Comparative Examples in conformity with JIS K6251, and a gauge



EP 3 103 828 A1

16

5

10

15

20

25

30

35

40

45

50

55

having a gauge length of 2 cm was marked in a parallel portion of the test piece. This test piece was stretched (100%
elongation) such that the gauge length became 4 cm and held under an atmosphere at a temperature of 24°C and at a
relative humidity of 50% for 10 minutes, and the elongation was then released. Thereafter, when the resulting test piece
was allowed to stand under an atmosphere at a temperature of 24°C and at a relative humidity of 50% for 10 minutes,
the gauge length (I’: cm) was measured, and the permanent set (%) = 100 3 (I’ -2)/2 was determined. It is meant that
the lower the numerical value, the more excellent the rubber elasticity is.

Table 3

Example Comparative Example

1 2 3 4 5 1 2 3 4 5 6

Aqueous emulsion composition 
(parts by mass)

Block copolymer (I-1) 100 100 100 100 100
Block copolymer (I-2)
Block copolymer (I-3) 100
Block copolymer (I-4)
Block copolymer (I-5)
Block copolymer (I-6)

(I)
Block copolymer (I-7)
Block copolymer (I-8) 100
Block copolymer (I-9) 100

Block copolymer (I’-1)
Block copolymer (I’-2) 100
Block copolymer (I’-3)
Block copolymer (I’-4) 100

Block copolymer (I’-5) 100

(II)

Protective colloid (II-
1)

13 13 13 2 37 13 13 20

Protective colloid (II-
2)

13 20

(III) Softening agent 0 0 0 0 0 0 0 0 0 0 0

Surfactant 13

Distilled water 170 170 180 170 170 153 205 170 170 170 180

Solid content concentration (% 
by mass) (*5)

40 40 40 40 40 40 40 40 40 40 40

Evaluation results

Coating properties of aqueous 
emulsion Substrate: Glass

1 1 1 1 1 3 1 1 1 2 3

Coating properties of aqueous 
emulsion Substrate: Stainless 
steel

1 1 1 1 1 3 1 1 1 2 3

Corrosion 
resistance:

Water 
resistance 
test

1 1 1 1 1 - 3 4 1 1 -

Acid 
resistance 
test

1 1 1 1 1 - 3 4 1 1 -
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(continued)

Example Comparative Example

1 2 3 4 5 1 2 3 4 5 6

Alkali 
resistance 
test

1 1 1 1 1 - 4 4 1 1 -

Hardness [Type A] 22 23 7 25 21 - 23 23 70 67 -

Permanent set (%) 0.8 0.8 0.9 0.9 1.0 - 0.8 0.9 7.4 8.2 -

(*5) Solid content concentration (% by mass) = 100 3 [{Block copolymer (I)} + {Protective colloid (II)} + {Softening
agent (III)} + (Surfactant)]/(Total amount)

Table 4

Example
Comparative 

Example

6 7 8 9 10 11 12 7 8 9

Aqueous emulsion composition (parts 
by mass)

Block copolymer (I-1) 100
Block copolymer (I-2) 100
Block copolymer (I-3)
Block copolymer (I-4) 100

Block copolymer (I-5) 100
Block copolymer (I-6) 100

(I)
Block copolymer (I-7) 100
Block copolymer (I-8)
Block copolymer (I-9) 100

Block copolymer (I’-1) 100
Block copolymer (I’-2)
Block copolymer (I’-3) 100

Block copolymer (I’-4)
Block copolymer (I’-5) 100

(II)
Protective colloid (II-1) 20 20 20 20 22 30 30 20 30 30
Protective colloid (II-2)

(III) Softening agent 30 50 50 100 70 120 50 50 120 120

Surfactant

Distilled water 225 255 255 330 288 375 375 255 375 375

Solid content concentration (% by 
mass) (*5)

40 40 40 40 40 40 40 40 40 40

Evaluation results

Coating properties of aqueous 
emulsion Substrate: Glass

1 1 1 1 1 1 1 2 1 3

Coating properties of aqueous 
emulsion Substrate: Stainless steel

1 1 1 1 1 1 1 2 1 3

Corrosion resistance:
Water 
resistance 
test

1 1 1 1 1 1 1 1 1 -
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[0109] As is clear from the results of the Examples and Comparative Examples, the aqueous emulsion of the present
invention is good in coating properties on the substrate, and the thin molded article obtained from the aqueous emulsion
of the present invention is excellent in corrosion resistance and mechanical properties. In particular, as is clear from
comparison with Comparative Examples 4, 5, and 8, in the case of using the block copolymer (I) that falls within the
scope of the present invention, nevertheless its peak top molecular weight is 200,000 or more, it has coating properties
equal to or more than those of the conventional hydrogenated products of styrene-isoprene-based or styrene-butadiene-
based copolymer having a peak top molecular weight of about 70,000 to 80,000, and the thin molded article obtained
from the aqueous emulsion is low in hardness, more excellent in flexibility, small in permanent set, and more excellent
in rubber elasticity.
[0110] On the other hand, in the aqueous emulsions using the hydrogenated product of styrene-(isoprene/butadiene)
copolymer having a peak top molecular weight of 260,000 as in Comparative Example 6 and the composition composed
of the hydrogenated product of styrene-(isoprene/butadiene) copolymer having a peak top molecular weight of 260,000
and the softening agent as in Comparative Example 9, the block copolymer is not thoroughly dispersed, and the good
aqueous emulsion and thin molded article cannot be obtained. In addition, in the case of using the block copolymer
whose mass ratio of the styrene-derived polymer block to the farnesene-derived polymer block falls outside the scope
of the present invention as in Comparative Example 7, the flexibility and rubber elasticity of the resulting thin molded
article are deteriorated.

Claims

1. An aqueous emulsion comprising a block copolymer (I) containing a polymer block (a) composed of a structural unit
derived from an aromatic vinyl compound and a polymer block (b) containing 1 to 100% by mass of a structural unit
(b1) derived from farnesene and 99 to 0% by mass of a structural unit (b2) derived from a conjugated diene other
than farnesene, with a mass ratio [(a)/(b)] of the polymer block (a) and the polymer block (b) being 5/95 to 70/30; a
protective colloid (II); and water, a content of the protective colloid (II) being 3 to 35 parts by mass based on 100
parts by mass of the block copolymer (I).

2. The aqueous emulsion according to claim 1, further comprising a softening agent (III), a content of the softening
agent (III) being 0.5 to 150 parts by mass based on 100 parts by mass of the block copolymer (I).

3. The aqueous emulsion according to claim 1 or 2, wherein a peak top molecular weight (Mp) of the block copolymer
(I) as determined by gel permeation chromatography in terms of polystyrene as a reference standard substance is
4,000 to 500,000.

4. The aqueous emulsion according to any of claims 1 to 3, wherein the aromatic vinyl compound is styrene.

5. The aqueous emulsion according to any of claims 1 to 4, wherein the farnesene is β-farnesene.

(continued)

Example
Comparative 

Example

6 7 8 9 10 11 12 7 8 9

Acid 
resistance 
test

1 1 1 1 1 1 1 1 1 -

Alkali 
resistance 
test

1 1 1 1 1 1 1 1 1 -

Hardness [Type A] 10 20 29 25 28 24 5 97 35 -

Permanent set (%) 0.3 0.7 2.9 1.8 2.6 1.9 0.2 92 2.8 -

(*5) Solid content concentration (% by mass) = 100 x [{Block copolymer (I)} + (Protective colloid (II)) + {Softening
agent (III)} + (Surfactant)]/(Total amount)
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6. The aqueous emulsion according to any of claims 1 to 5, wherein the conjugated diene other than farnesene is at
least one selected from isoprene, butadiene, and myrcene.

7. The aqueous emulsion according to any of claims 1 to 6, wherein a molecular weight distribution (Mw/Mn) of the
block copolymer (I) is 1 to 4.

8. The aqueous emulsion according to any of claims 1 to 7, wherein the block copolymer (I) is a hydrogenated block
copolymer having a hydrogenation rate of carbon-carbon double bonds in the polymer block (b) of 70 mol% or more.

9. The aqueous emulsion according to any of claims 1 to 8, wherein the protective colloid (II) is at least one selected
from polyvinyl alcohol, a modified polyvinyl alcohol, a water-soluble cellulose derivative, a water-soluble salt of a
(meth)acrylic ester-unsaturated carboxylic acid copolymer, a styrene-maleic anhydride copolymer salt, a maleinized
polybutadiene salt, a naphthalenesulfonate salt, and a polyacrylate salt.

10. The aqueous emulsion according to claim 9, wherein the protective colloid (II) is polyvinyl alcohol or a water-soluble
salt of a (meth)acrylic ester-unsaturated carboxylic acid copolymer.

11. A thin molded article obtained from the aqueous emulsion according to any of claims 1 to 10.

12. A method for producing a thin molded article, which comprises a step of coating a substrate with the aqueous
emulsion according to any of claims 1 to 10 to form a coating film; and a step of drying the coating film.

13. A method for producing a thin molded article, which comprises a step of impregnating a body to be impregnated
with the aqueous emulsion according to any of claims 1 to 10 to obtain an impregnated body; and a step of drying
the impregnated body.
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